The cyclocondensation of 4-methylthiosemicarbazide with 2-bromo-1,2-diphenylethan-1-one in ethanol afforded isomeric 2-methylamino-5,6-diphenyl-6H-3,4-thiadiazine and 2-hydrazono-3-methyl-4,5-diphenyl-2,3-dihydro-1,3-thiazole. A pyrazole was obtained by cyclocondensation and subsequent desulfurization of the thiadiazine when the reaction was carried out in concentrated hydrochloric acid. A chemical proof of the structures has been provided. The product distribution of the cyclizations strongly depends on the substitution pattern of the starting materials, and the cyclizations of methylthiosemicarbazide with 2-bromo-1,2-diphenylethan-1-one behaved considerably different from that of the analogous reactions of α-bromoacetophenone.
Introduction
1,3,4-Thiadiazines are of considerable biochemical and pharmacological relevance. Many 1,3,4-thiadiazine-2-yl-amine derivatives are important matrix metalloproteinase inhibitors [1, 2] . 2-Alkylimino-and 2-alkyamino-1,3,4-thiadiazines are used as cardiotonic and spasmolytic agents [3 -8] . 1,3,4-Thiadiazin-2-ones are cardiotonica with calcium sensitizing activity [9 -11] . 3-Phenylazo-1H-4,2,1-thiadiazine is an agent for treating deficient bone growth [12] . 3-Nitrobenzyl-5-aryl-1,3,4-thiadiazin-2-ones and 1,3,4-thiadiazin-2-ones are phosphodiesterase IV inhibitors and can be used for the treatment of tumors and AIDS [13, 14] . 2-Nitrosimino-3,6-dihydro-2H-1,3,4-thiadiazines [15] , and N-morpholinyl-, N-thiomorpholinyl-or Npiperidinyl-1,3,4-thiadiazines [16] exhibit antithrombotic activities.
Results and Discussion
In continuation of our studies related to the synthesis of 1,3,4-thiadiazines [17 -27] , we have studied the cyclocondensation of 4-methyl-and 4-phenylthiosemicarbazide with 2-bromo-1,2-diphenylethan-1-one. In principle, the cyclization of 4-alkyl-(aryl)-thiosemicarbazides with α-haloketones can result in the formation of three isomeric products, namely, 2-alkyl(aryl)amino-1,3,4-thiadiazines, 2-hydrazono-3-alkyl(aryl)-2,3-dihydro-1,3-thiazoles and 2-alkyl(aryl)imino-2,3-dihydro-1,3-thiazol-3-amines. The reaction of 4-methylthiosemicarbazide with 2-bromo-1,2-diphenylethan-1-one in ethanol afforded, via unstable, open-chained S-(1,2-diphenyl-2-oxoethyl)-isothiosemicarbazide hydrobromide, two isomeric products, i. e. 2-methylamino-5,6-diphenyl-6H-1,3,4-thiadiazine (1) and 2-hydrazono-3-methyl-4,5-diphenyl-2,3-dihydro-1,3-thiazole (2) in 59 % and 40 % isolated yields, respectively (Scheme 1). The formation of isomer 3 was not observed. The combined yield of 1 and 2 is nearly quantitative. Product 1 resides in its 6H-form as indicated by 1 H NMR. It is important to note that the cyclization of 4-methylthiosemicarbazide with α-bromoacetophenone afforded the corresponding thiadiazine along with a small amount (8.5 %) of the hydrazono isomer [28 -30] . In the cyclization reported herein, where 2-bromo-1,2-diphenyl-ethan-1-one instead of α-bromoacetophenone was employed under otherwise identical conditions, a different result was obtained as the hydrazono isomer 2 was isolated in a considerable amount (40 %). This result suggests that the structure of the electrophile has a strong influence on the product distribution.
The structure of 2 was unambigously confirmed by reaction with 4-nitrobenzaldehyde to give 2-(4-nitrobenzylidenhydrazono)-3-methyl-4,5-diphenyl-2,3-dihydro-1,3-thiazole (4) (Scheme 2). This compound proved to be identical with the product obtained from the reaction of 4-nitro-benzaldehyde-4-methylthiosemicarbazone with 2-bromo-1,2-di- phenylethan-1-one. Besides the direct condensation, product 2 is also formed by acidic steam distillation of 2-isopropylidenehydrazono-3-methyl-4,5-diphenyl-2,3-dihydro-1,3-thiazol (5). When the reaction of 4-methylthiosemicarbazone with 2-bromo-1,2-diphenylethan-1-one was carried out in a diluted solution of HCl in ethanol, 1,3,4-thiadiazine 1 was formed as the major product. In contrast to the analogous reaction of α-bromoacetophenone [30] , the hydrazono isomer 2 is still formed in 10 % yield. The formation of isomer 3 could not be detected.
The cyclocondensation of 4-methylthiosemicarbazide with 2-bromo-1,2-diphenylethan-1-one, carried out in concentrated hydrochloric acid, required a long reaction time at elevated temperature. The main product proved to be 1,3,4-thiadiazine 1 which, however, was unstable under these conditions and underwent desulfurization to give pyrazol 6a (Scheme 3). Heating of the crude product with 4-nitrobenzaldehyde allowed for the isolation of a small amount of the orange compound 7, which is an isomer of 4 and represents a derivative of 3-amino-4,5-diphenyl-2,3-dihydro-1,3-thiazole 3.
The cyclocondensation of 4-phenylthiosemicarbazide with 2-bromo-1,2-diphenylethan-1-one afforded 2-phenylamino-5,6-diphenyl-6H-1,3,4-thiadiazine hydrobromide (8) which crystallized as the major product (Scheme 4). The solution contains 2-phenylimino- 4,5-diphenyl-2,3-dihydro-1,3-thiazol-3-amine (9) which was reacted with 4-nitrobenzaldehyde to give 2-phenylimino-3-(4-nitrobenzylidenamino)-2,3-dihydro-1,3-thiazole (10) .
The reaction of the 2-phenylimide 9 with nitrous acid resulted in deamination and nitrosylation (Scheme 5). The attempt to transform this product into the corresponding hydrazine derivative by treatment with zinc in glacial acetic acid failed and resulted in the cleavage of the nitrosyl group to give known 2-phenylamino-4,5-diphenyl-1,3-thiazole (11) [29] .
The third isomer of this series, 2-hydrazono-3,4,5-triphenyl-2,3-dihydro-1,3-thiazole (13), is not available by direct cyclocondensation. However, it can be obtained in good yield via the 2-isopropylidenehydrazono derivative 12 (Scheme 6). Compound 12 is a weak base which is stable in a 2 M aqueous solution of HCl. The addition of conc. hydrochloric acid resulted in the formation of a soluble hydrobromide which underwent hydrolysis to give hydrazono derivative 13. The acetone formed has to be removed from the equilibrium by steam distillation. The reaction of 13 with benzaldehyde or 4-nitrobenzaldehyde afforded the corresponding benzylidene-hydrazono derivatives 14a, b.
The reaction of 4-phenylthiosemicarbazide with 2-bromo-1,2-diphenylethan-1-one in conc. hydrochloric acid-EtOH (1 : 1) only proceeded at elevated temperature and afforded 3-phenylamino-4,5-diphenylpyrazole (6b) by desulfurization of 1,3,4-thiadiazine 8. The phenylimide isomer was only formed in 0.6 % yield. While the reaction of 4-phenylthiosemicarbazide with 2-bromo-1,2-diphenylethan-1-one in ethanol proceeds similarly to the analogous reaction of bromoacetophenone [31] , the reaction proceeds differently in hydrochloric acid. This can be explained by the strong influence of the substitution pattern of the thiadiazine on the stability towards acid. To shed further light on this observation, we compared the rate of desulfurization of 1,3,4-thiadiazines 1 and 8 (to give pyrazoles 6a, b) by heating in glacial acetic acid (Scheme 7, Table 1 ). The kinetic data reveal that 2-phenylamino-5,6-diphenylthiadiazine 8 is much more prone towards desulfurization than the corresponding 2-methylamino derivative 1.
Experimental Section

2-Methylamino-5,6-diphenyl-6H-1,3,4-thiadiazine (1)
Method A: 4-Methylthiosemicarbazide (2.1 g, 20 mmol) was dissolved in hot EtOH (20 mL) and conc. HCl (5 mL). 2-Bromo-1,2-diphenylethan-1-one was added to this mixture in portions, and the mixture was refluxed for 5 min. Subsequently, the mixture was diluted with H 2 O (500 mL) and filtered after addition of active carbon. The free base was obtained from the filtrate by addition of a conc. solution of NH 3 . The crude product contains 2. Fractional crystallization from benzene yielded 1 (3.4 g, 60.5 %); colorless lamella; m. p. 125 • C and 2 (0.56 g, 10 %).
Method B: A mixture of thiosemicarbazide (2.1 g 20 mmol) and 2-bromo-1,2-diphenylethan-1-one in EtOH (20 mL) was stirred with cooling in cold H 2 
4-Nitrobenzaldehyde-[(3-methyl-4,5-diphenyl-1,3-thiazolon-(2)]-azine (4)
Method A: A mixture of 2 (2.81 g, 10 mmol) and 4-nitrobenzaldehyde (1.51 g, 10 mmol) in EtOH (30 mL) was refluxed briefly. Yield: 4.06 g (98 %); red needles (ethyl acetate); m. p. 198 • C.
Method B: A mixture of 4-nitrobenzaldehyde-4-methylthiosemicarbazone (2.38 g, 10 mmol) and 2-bromo-1,2-diphenylethan-1-one (2.75 g, 10 mmol) in EtOH (100 mL) was refluxed for 2 h. After cooling, the mixture was neutralized with NH 3 
Acetone-[3-methyl-4,5-diphenyl-thiazolon-(2)]-azine (5)
A mixture of acetone-4-methylthiosemicarbazone (2.9 g, 20 mmol) and 2-bromo-1,2-diphenylethan-1-one (5.5 g, 20 mmol) in acetone (20 mL) was refluxed for 2 h. After cooling, the solution was neutralized with NH 3 . Yield: 5. 
3-Methylamino-4,5-diphenyl-pyrazole (6a)
Method A: 1 (2.81 g, 10 mmol) in glacial acetic acid (20 mL) was refluxed for 30 min. After cooling, the solution was filtered to remove sulfur. Concentrated hydrochloric acid (1 mL) was added to the filtrate. The solution was diluted with H 2 O (200 mL). After addition of active carbon, the mixture was heated, and the hot solution was filtered. On basification with NH 3 , a precipitate was obtained. Yield: 2.3 g (92.5 %); colorless lamella ( EtOH); m. p. 176 • C.
Method B: A mixture of 4-methylthiosemicarbazide (2.1 g, 20 mmol) in conc. hydrochloric acid (15 mL) and EtOH 10 mL) was heated under reflux, and 2-bromo-1,2-diphenylethan-1-one (2.75 g, 10 mmol) was added. The solution was refluxed for 2 h and then diluted with H 2 O (200 mL). Active carbon was added to the solution, the latter was heated briefly, and the hot solution was filtered. The mixture was neutralized by addition of a aqueous NH 3 solution. A crystalline precipitate was separated. Yield: 3.2 g (64 %). 
3-Anilino-4,5-diphenyl-pyrazole (6b)
Method A: A mixture of 8 (3.43 g, 10 mmol) with glacial acetic acid (50 mL) was refluxed for 10 min. The solution was filtered and diluted with H 2 O (200 mL). The precipitate was filtered rapidly using vacuum. Yield: 3.08 g (99 %); colorless needles (benzene); m. p. 182 • C.
Method B: 4-Phenylthiosemicarbazide (1.67 g, 10 mmol) in EtOH (20 mL) and conc. HCl (20 mL) was heated under reflux, and 2-bromo-1,2-diphenylethan-1-one (2.75 g, 10 mmol) was added. The solution was refluxed for 1 h, and the hot solution was filtered. The mixture was allowed to settle at −10 • C (refrigerator). The resultant precipitate was suspended in EtOH (10 mL), an aqueous NH 3 solution was added, and the solution was diluted with H 2 O (100 mL). Yield: 1. 
2-Phenylimino-3-amino-4,5-diphenyl-2,3-dihydro-1,3-thiazole (9)
The filtrate of 8 was neutralized with NH 3 
3-[(4-Nitrobenzylideneamino)-4,5-diphenyl-1,3-thiazolon-(2)]phenylimide (10)
Method A: A mixture of 9 (343 mg, 1 mmol) and 4-nitrobenzaldehyde (151 mg, 1 mmol) in EtOH (10 mL) was refluxed for 15 min. Yield: 460 mg (97 %); orange needles (ethyl acetate); m. p. 193 • C.
